Invasive meningococcal disease (IMD) is a rare but potentially fatal disease. It can rapidly progress within minutes to hours and carries a significant burden of disease worldwide. The role of emergency medical service (EMS) clinicians in providing early care for the patient with IMD is important, but the literature regarding the pre-hospital phase of care is sparse.
Background

Rationale
Meningococcal disease overview
Invasive meningococcal disease (IMD), caused by Neisseria meningitidis, is one of the most rapidly progressive infectious diseases. Despite advances in clinical management, it still carries a significant burden of disease worldwide (1) . Although it is relatively rare in developed countries, it remains a significant public health concern due to its sudden onset, unpredictable nature and rapid clinical course. Due to its fulminant nature it is important that early identification and appropriate management is provided by emergency medical service (EMS) clinicians to reduce morbidity and mortality, and to ensure the best patient outcomes.
Invasive meningococcal disease has comparatively high mortality rates of about 10%, and 20-50% for patients who present with shock (2) . Patients who do survive often face debilitating sequelae such as amputation of digits and limbs, skin scarring, cognitive impairment and seizures (3, 4) . A particularly troubling feature is that the most vulnerable population are children less than 1 year of age (5) .
The meningococcus is often transiently and asymptomatically carried in the nasopharynx, and can be isolated in about 10% of the general population at any time (6) , although this varies widely depending on geographic and epidemiological setting (7) . Sporadically and for reasons not completely understood, the meningococcus can invade the body where it can cause a spectrum of disease, from mild transient meningococcemia through to meningitis and fulminant meningococcal septicaemia. These severe forms of the disease are referred to as 'invasive meningococcal disease'.
The only known reservoir for the meningococcus is humans and it is spread by droplet transmission or direct contact with respiratory secretions from an infected host (5). The meningococcus serotypes responsible for causing the majority of disease are the A, B, C, W, X and Y strains (8) .
Invasive meningococcal disease is predominantly comprised of two distinct presentations: meningococcal meningitis and meningococcal septicaemia. Often the two forms of the disease are not well distinguished in the literature and the term 'meningitis' is incorrectly used interchangeably for both (9) . Meningococcal meningitis is infection of meninges (the lining of the brain and spinal cord) by N. meningitidis and carries a risk of death of approximately 5% (10) . Meningococcal sepsis is a more serious form of the disease and can present with profound shock and cardiovascular collapse. It carries a risk of death of between 20-50% (2). Rarely, meningococcal disease may present in other forms such as conjunctivitis (11) and pericarditis (12) .
Meningococcal septicaemia
At the most severe end of the IMD spectrum is fulminant meningococcal septicaemia, which can be fatal in less than 24 hours (13) . Meningococcal septicaemia is a form of sepsis caused by the meningococcus. Sepsis is a clinical syndrome characterised by life-threatening organ dysfunction caused by a deregulated host response to infection (14) . Seminal research by Rivers et al highlighted that early recognition and aggressive management of sepsis significantly improves outcomes (15) . In patients with hypotension secondary to septic shock it has been demonstrated that each hour of delay in administration of antimicrobial agents increases patient mortality by 7.6% (16) .
In a Scottish study, more than 80% of patients with sepsis arrived at the emergency department via EMS (17) . Recognition of sepsis by EMS clinicians is generally poor (18) , with a Dutch study highlighting that EMS clinicians recognised sepsis in less than 15% of cases (19) . The pre-hospital link in the chain of care is time where critical interventions could be initiated to improve patient outcomes. There remain many gaps in the knowledge in this area and further research is warranted (20) .
Issues with identification of IMD
Invasive meningococcal disease has a variable time course and diverse clinical spectrum (21) . This is especially evident in the first few hours when it can be difficult for clinicians to differentiate IMD from milder, self-limiting illnesses such as viral respiratory infections (22) . Non-specific clinical features such as fever are common, and the characteristic petechial or haemorrhagic rash often appears late if at all. Because of its rarity most clinicians will have limited experience and expertise with the disease (22) . Research undertaken in primary care (ie. general practice) confirms that recognition of IMD is difficult in that setting (23) . It is reasonable to assume that EMS clinicians face similar challenges in their pre-hospital field, however literature in this area is sparse.
Issues with management of IMD
Mortality and morbidity in patients with IMD depends on many variables including the clinical manifestation (eg. septicaemia and/or meningitis), characteristics of the organism (eg. strain and virulence), patient characteristics (eg. age and immune status) and clinical management. Of these variables, the health care team can only influence one aspect; clinical management (24) .
Guidelines state that for meningococcal septicaemia, prompt initiation of antibiotic therapy is recommended in the prehospital field (25) . The evidence base for this recommendation is somewhat conflicting and inconclusive, with earlier studies finding a reduced mortality rate when pre-hospital parenteral antibiotics were administered in the primary care setting for IMD (26) (27) (28) , and later studies finding an increased mortality rate (29) (30) (31) . Due to the difficult nature of studying a rare disease and the ethical implications of withholding antibiotics in suspected cases of IMD, no randomised controlled trials exist on this topic. The current evidence is from the general practice setting (not EMS) and is based on retrospective observational data with its inherent biases (including confounding by severity and indication). Significant clinical heterogeneity exists due to the variable clinical presentation, clinical course and evolution of IMD.
Much of the literature regarding the pre-hospital management of IMD centres around the administration of parenteral antibiotics. The evidence for other pre-hospital interventions for IMD including oxygen therapy, fluid therapy, vasopressors, adjunctive therapies and hospital pre-alert notifications is scarce.
Aim
The aim of this scoping review is to systematically map the literature to identify the scope, depth and key concepts in the evidence, and to identify gaps in knowledge regarding the care of the patient with IMD by EMS clinicians. The review question is: What is the state of knowledge regarding the care of the patient with IMD by EMS clinicians in the international literature?
Methods
Scoping reviews are a methodologically rigorous approach to evidence synthesis (32) , and can be used to identify the nature and extent of the research conducted on a topic (33) . They can be used to map the literature, collate the evidence on a topic and summarise the characteristics and findings of the studies. They are particularly useful as a review methodology where there is a body of literature which has not yet been comprehensively reviewed (34) such as the present review topic which seeks to explore the characteristics and overall parameters of what has been studied in this field. The first framework for conducting scoping reviews was published by Arksey and O'Malley in 2015 (35) and has been extended and refined several times since (36) (37) (38) (39) .
This review will follow the most recently published methodology for scoping reviews, the Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) (39) , which is consistent with the methods described by Peters et al (38) and the Joanna Briggs Institute (40) . This protocol has been prepared in line with the PRISMA Protocols (PRISMA-P) checklist. The protocol for this scoping review was also registered prospectively with the Open Science Framework (41) on 25 September 2018 (https://osf. io/ubd7w/), and was updated on 7 December 2018 following several minor updates (https://osf.io/z639u/).
A preliminary search of PROSPERO, Open Science Framework, Epistemonikos, PubMed, JBI Database of Systematic Reviews and Implementation Reports, and the Cochrane Database of Systematic Reviews did not locate any existing or underway reviews that address the objective of this review. Two published systematic reviews investigating the effectiveness of pre-admission antibiotics for IMD were located but do not include any EMS data (24, 42) . Three published systematic reviews investigating EMS identification or management of sepsis were located but do not explicitly discuss IMD (18, 20, 43) .
The preliminary search found a number of publications of varying quality reporting on aspects of the care of the patient with IMD by EMS clinicians which will likely be included in the scoping review report (44) (45) (46) (47) (48) (49) (50) .
Inclusion criteria Population
This scoping review will include sources that focus on the care of patients (either actual or potential/theoretical) of any age, gender, ethnicity, pregnancy status or co-morbidities with suspected or confirmed IMD. This includes patients with meningococcal septicaemia, meningococcal meningitis and mixed clinical presentations, as defined by the individual sources.
Sources that report on patients with suspected or confirmed sepsis/septicaemia from causes other than IMD will not be included. This is because IMD has a clinical course that is distinct from other causes of sepsis (such as sepsis from a urinary or pulmonary origin).
Concept
This scoping review will include sources that report on any aspect of the care of IMD by EMS clinicians, which may broadly be categorised as either identification or management. Identification may include but is not limited to: factors regarding the identification, assessment, recognition, clinical judgement or provisional diagnosis relating to IMD, such as screening tools/items, clinical history, risk factors or the presence or absence of certain signs and symptoms such as a rash. Management may include but is not limited to: clinical decision making, oxygen therapy, fluid therapy, vasopressors, the administration of antibiotics, adjunct therapies (eg. paracetamol or steroids), hospital pre-alert notifications and disposition choices.
Context
The context of this scoping review is the emergency medical service, which may also be known as an ambulance service or paramedic service, and will include sources that report on EMS clinicians including but not limited to paramedics, nurses, medical practitioners and the various levels of ambulance technician (eg. first responders, emergency medical technicians or ambulance officers) delivering patient care in EMS systems. EMS systems which operate either FrancoGerman, Anglo-American, Basic Life Support or Advanced Life Support structures as defined by Al-Shaqsi (51) will be included. Literature that reports on in-hospital care, including emergency department or intensive care/therapy unit care, or non-EMS pre-hospital care (eg. general practice) will not be included in this scoping review.
Types of evidence sources
Due to the scarcity of literature on the review topic objective, all types of sources of evidence, including text and opinion literature (eg. expert opinion, comments, reviews and narratives) will be included as these may constitute the best available evidence (52) .
Unpublished (grey) literature from the sources listed in the search strategy will be considered if relevant to the research question. Textbooks, social media posts, blogs and websites will not be included in this review.
EMS clinical practice guidelines (CPGs) pertaining to IMD will not be included in this review as they will be reviewed and comprehensively analysed using the Appraisal of Guidelines for Research and Evaluation AGREE II instrument (53) (a tool to assess the methodological quality of CPGs) in separate future publications.
Search strategy
For published literature, a three-step search strategy as described by Aromataris and Riitano (54) will be utilised. This will be an iterative process, as further literature and key words are found. First, an initial limited search of the Ovid MEDLINE and CINAHL databases will be undertaken. An analysis of the text words contained in the title and abstract of relevant literature and the index terms used to describe the article will be carried out. Second, a search using all identified keywords and index terms will be undertaken across all included databases. All potentially relevant citations will be retrieved in full text for assessment against the inclusion criteria before inclusion. Finally, the reference lists of all included literature will be screened for additional literature.
Searches will be restricted by publication date, commencing from 1992. This was the year of several publications regarding the use of antibiotic therapy for IMD in primary care settings (23, (26) (27) (28) 55) . It is highly unlikely that there will be any relevant published literature earlier than this date, as the first EMS CPGs for IMD were not released until 2000 (44) . The search strategy will be developed in collaboration with a research librarian with expertise in systematic literature searching, as this has been found to increase the quality of the search strategy (56) . A draft search strategy using medical sub-headings (MeSH) and free text terms for MEDLINE can be found in Table 1 . The search strategy will be refined and adapted as necessary for the other databases and searches, and the final search strategies for all databases will be published in the review report. A Google search will also be undertaken using the advanced search function. In order to avoid personalisation of search results, searches will be performed after a fresh install of a new browser, limited to the first 200 results, ordered by relevance. A limitation of electronic database searches is that they may not reveal all possible literature on a topic (61) . In order to ensure that all possible literature will be included in the review a hand search (limited to the past 10 years) will also be undertaken in the following peer-reviewed journals of high relevance to EMS: The corresponding authors of included sources will also contacted, the reference lists of all included sources will be scanned, and social media will be used in an attempt to identify any potential additional sources.
Selection of sources of evidence for inclusion will be determined by two independent reviewers in accordance with the above inclusion and exclusion criteria. If any disagreement arises between the two reviewers, it will be resolved through consensus or discussion with the broader review group.
Data extraction/charting the evidence
An initial data charting table has been developed to extract information relevant to the review question. The table will be piloted on a subset of relevant sources of evidence and refined further if necessary prior to extracting data from all included sources. Due to the iterative nature of scoping reviews it may be necessary for further refinements during the process of data extraction and these will be noted in the scoping review report. To ensure feasibility of the review, one reviewer (JP) will extract all the data and the results of each source will be verified by a second reviewer. A formal quality appraisal of included literature will not be undertaken in this review. This is consistent with the literature regarding the conduct of scoping reviews (38) (39) (40) .
Presenting the results
It is expected that there will be considerable variation in the methodological approach adopted across the literature including the details of included evidence sources and the outcomes reported. Data and results will be presented in tabular form with accompanying narrative descriptions. Further diagrammatic representation of the results may also be presented following consideration of the data by the review group.
Discussion
The authors of this scoping review believe it to be the first attempt to systematically map the literature to identify the scope, depth, key concepts and gaps in knowledge regarding the care of the patient with IMD by EMS clinicians. The scoping review method was chosen, as it is ideal in situations where scarcity of literature is likely. The review report will present the current state of knowledge, inform CPG development and identify gaps in the evidence requiring further research.
